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(54) MOUNTING STRUCTURE FOR SUPPORTING A TOWER SECTOR

(57)  Theinventiondescribes amounting structure (3)
for supporting a tower sector (2a) with face flanges (2b)
covering the curved faces of the surface shell of the tower
sector (2a) with a predefined radius R, and two trunnions
(7) releasable fastened at a face flange (2b) so that the
center of mass of the tower sector (2a) is between the
trunnions (7), the mounting structure (3) comprising a
support frame (3c) designed to be mounted on a surface
with a base area (3f) on its bottom side, the support frame
(3c) comprising a first bearing (3a) and a second bearing
(3b), each bearing (3a, 3b) adapted for supporting a trun-
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nion (7), wherein the relative arrangement of the bearings
(3a, 3b) on the support frame (3c) is such that the first
bearing (3a) is positioned higher than the second bearing
(3b), and that the bearings (3a, 3b) lie on the arc of a
circular sector with the radius R, a central angle <100°,
a vertically oriented edge-radius outside the second
bearing (3b) and a center of mass between the bearings
(3a, 3b).

The invention further describes a respective mount-
ing system, a special tower sector, a construction system
and a method of connecting tower sectors.
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Description

[0001] The invention describes a mounting structure
for supporting a tower sector, a respective mounting sys-
tem, a special tower sector, a construction system and
a method of connecting tower sectors.

[0002] Tall towers such as wind turbine towers are of-
ten constructed as towers with a closed wall (or "skin")
by assembling tower sections. To this end, each tower
section is equipped with flanges. In order to connect tow-
er sections upon another or to connect them with a top
element or to the ground, the tower sections comprise
face flanges at their faces. Typically, the tower sections
have a cylindrical shape with annular face flanges.
[0003] Especiallyinthe technical field of wind turbines,
towers that are constructed of tower sections are essen-
tial. Due to the increasing need of energy, the construc-
tion of bigger towers is of great importance. Generating
more energy per turbine results in wind turbines with larg-
er generators, which in turn need larger blades that are
able to obtain more energy from the incident wind. These
wind turbines then require taller and more stable towers
to support blades, nacelle and other components of the
wind turbine. Nowadays, for example, towers of wind tur-
bines have diameters of about 6 to 8 meters.

[0004] Such tower-dimensions result in difficulties in
transporting the tower from the manufacturing site to the
construction site of the wind turbine. For example, atower
having a diameter of about 6 m cannot be transported
over conventional roads. Thus, the tower is preferably
constructed from said tower sections mentioned above.
[0005] In general, there are two types of tower sec-
tions: sections in the shape of a whole cylinder that are
stacked upon another and sections in the shape of an
arc-sector of a cylinder (a wall part with the cross section
ofacircler-arc) that have to be assembled to form a whole
cylinder. The sections in the shape of an arc-sector of a
cylinder are designated as "tower sectors" in the following
to indicate that they are special tower sections not form-
ing a whole cylinder.

[0006] A segmentation of a tower into tower sectors
has the advantage that the transport is easier. For ex-
ample, transporting of tower sectors having a breadth of
less than 4 meters over conventional roads is possible.
Thus, tower sectors can be transported to a construction
site by trucks and then assembled to form a tower (or at
least a closed tower section) on the construction site.
[0007] Often, the tower sectors have straight edge
flanges at the edges of their skin surface perpendicular
to the face flanges on their faces. In an erected position
of the tower, the face flanges would be arranged hori-
zontally and the edge flanges would be arranged verti-
cally. In this case, the tower sectors are connected to
each other by connecting these edge flanges with
screws, bolts or rivets.

[0008] Typically, a number of tower sectors forming a
complete cylinder are arranged to form the tower in a
lying position (with horizontally arranged edge flanges).
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The edge flanges are connected with each other and the
resulting tower (or tower section in form of a whole cyl-
inder) is then turned upright.

[0009] A disadvantage of the state of the artis that this
construction is extensive and especially requiring a se-
rious amount of labour time, not only for the connection
of the tower sectors, but for a proper arrangement of the
tower sectors in a position that they can be correctly con-
nected with another. For connecting the edge-flanges
they have to be arranged to each other in a way that their
facing surfaces are exactly on parallel planes, with their
flange-holes overlapping.

[0010] It is the object of the present invention to im-
prove the known systems, devices and methods to facil-
itate an improvement in assembling towers from tower
sectors.

[0011] This objectis achieved by a mounting structure
for supporting a tower sector according to claim 1, a re-
spective mounting system according to claim 7, a special
tower sector according to claim 8, a construction system
according to claim 11 and a method of connecting tower
sectors according to claim 12.

[0012] It is made clear that the tower sectors men-
tioned in the following are wall parts of a tower, especially
with a cylindrical and/or conical shape, typically with a
closed wall ("skin"). An integer number of tower sectors
can be assembled to form a tower or a tower segment
forming the whole circumference of the tower. As said
above, the tower sectors comprise face flanges at their
faces, especially annular face flanges in the form of an
arc corresponding to the face of the wall of the tower
sector. On the edges perpendicular to the faces, the tow-
er sectors preferably comprise straight edge flanges to
be connected with other tower sectors. Although the
whole circumference of a tower may be formed with more
tower sectors, it is preferred that three tower sectors,
each of an arc of 120°, or four tower sectors, each of an
arc of 90°, are forming the circumference of the tower.
In the following, often an example of three circular tower
sectors of 120° forming a cylindrical tower will be used,
without necessarily restricting the scope of the invention.
The dimensions of the tower sectors are in the size range
of meters, wherein the breadth is bigger than one meter,
preferably bigger than 2 or even 3 meters, but preferably
smaller than 5 meters, especially smaller than 4 meters
to be able to be transported on conventional roads.
[0013] A mounting structure according to the invention
is applicable (or designed) for supporting a tower sector
with face flanges covering the curved faces of the surface
shell of the tower sector with a predefined radius R, and
two trunnions releasable fastened at a face flange so that
the center of mass of the tower sector is between the
trunnions of the flange. The tower sector is actually not
part of the mounting structure, but its dimensions are well
known and predefined. The length of the tower segment
is not important and may be several meters or several
decameters.

[0014] The mounting structure comprises a support
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frame with a base area on its bottom side designed to be
mounted on a (plane) surface, e.g. on a floor, a groove
or a rail. Since the support frame will be standing upright
during use, the designations "bottom" or "top" will also
be used in the following. The side of the base area, where
the mounting structure is normally standing on is the bot-
tom side and the opposite side is the top side.

[0015] The supportframe comprises a firstbearing and
a second bearing, wherein each bearing is adapted for
supporting a trunnion (of a tower sector), wherein the
relative arrangement of the bearings on the support
frame is such that the first bearing is positioned higher
than the second bearing, and that the bearings lie on the
arc of a circular sector with the radius R, a central angle
<100°, a vertically oriented edge-radius outside the sec-
ond bearing and a center of mass between the bearings.
[0016] This definition is better understood by recalling
that the tower sector is not part of the mounting structure,
but its dimensions are well known, especially its radius
R. Since the trunnions are mounted on the face flanges
with its center of mass between them, the cross section
ofthe tower sector is this of an arc of a circle with mounting
points (trunnions) on this arc. Thus, the bearings must
lie on the arc of a circular sector with the radius R. The
central angle of the arc should be <100°, since the tower
sectors are typically thirds or quarters of a circle.
[0017] For assembling two tower sectors, they have to
be arranged such that the planes of their adjacent edge
flanges (the adjacent edge radii of the arcs) are parallel
to each other. Furthermore, a vertically oriented edge-
radius of the (theoretical) arc should lie outside the sec-
ond bearing for a good accessibility for assembly. The
center of mass of the arc (center point) must lie between
the bearings for the stability of the setup.

[0018] Thus, when held in the mounting structure by
gravity, the bottom wall at the edge of the tower sectors
should be horizontal (i.e. the edge flanges are oriented
vertical) and the top edges of the tower sectors protrude
in the air. Thus, the first bearing is positioned higher than
the second bearing to hold the top edged high, and the
difference of the hight of the bearings and their horizontal
distance is such as defined above, to securely and cor-
rectly hold a tower sector.

[0019] It can shortly be said that the bearings of the
mounting structure are positioned such that a predefined
tower sector with trunnions at predefined positions on
the face flange can be held such that when the trunnions
are mounted by the bearings, the edge of the wall part
that is to be assembled with another tower sector is such
that the edge radius (or the plane of an edge flange) of
this edge is essentially vertical.

[0020] Since the dimensions of the breadth of a tower
sector is in the order of meters, the dimensions of the
mounting structure are also in the order of meters.
[0021] A mounting system according to the invention
comprises at least two mounting structures according to
the invention. The mounting structures are positioned in
a line laterally reversed (e.g. mirrored) to each other on
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a guiding member, e.g. a groove, rail or plane. In order
to relatively move the mounting structures relatively to
each other on the guiding member such that the distance
between the mounting structures can be adjusted, they
are preferably connected to adjusting means designed
to move the mounting structures. Such adjusting means
can be ropes in a very easy setup, or a tractel. In a more
elaborate setup, the adjusting means could be threaded
bolts or hydraulic cylinders. The adjusting means can be
fastened to the guiding member and one mounting struc-
ture or two mounting structures can be connected with
each other via the guiding member. It is clear that the
mounting structures are designed or adjusted such that
two tower sectors can be positioned to form a continuous
arc of a cylinder. Preferably, the mounting structures are
arranged with their first bearings (for tower sectors facing
down with their inner side) or their second bearings (for
tower sectors facing up with their inner side) turned to-
wards each other on the guiding member.

[0022] This mounting system is adapted to hold two
tower sectors such that their facing edge flanges can be
easily connected to each other by adjusting the distance
between the mounting structures with the adjusting
means. One mounting structure or both mounting struc-
tures will move on the guiding member and thus, the dis-
tance between the mounting structures can be reduced
until the edge flanges meet. It should be noted that such
mounting system should be installed at both ends of the
tower sectors to hold them properly parallel.

[0023] A tower sector according to the invention is
adapted for a mounting structure according to the inven-
tion. The tower sector comprises a curved surface shell
and face flanges covering both faces of the curved faces
of the surface shell and atleast two trunnions releaseably
fastened at aface flange, preferably atleasttwo trunnions
at each face flange, i.e. at least 4 trunnions in total, so
that the center of mass of the tower sector lies between
the trunnions of the flange. It is important that the center
of mass lies between the two trunnions of a face flange,
or when using more than two trunnions on a face flange,
between the two most distanced trunnions, to securely
hold the tower sector in the mounting structure. When
erecting the assembled tower sectors to an upright po-
sition of the resulting tower, the trunnions may be re-
leased prior, along the way or after.

[0024] A construction system according to the inven-
tion comprises at least two tower sectors according to
the invention, and at least two mounting systems accord-
ing to the invention at least one mounting system ar-
ranged on each face of the tower sectors, wherein the
trunnions of the tower sectors are mounted in the bear-
ings of the mounting structures. Thus, the tower seg-
ments are arranged parallel to each other with their edge
radii (or the planes of their facing edge flanges) are es-
sentially vertical.

[0025] A methodaccording to the invention of connect-
ing tower sectors, the method comprising:
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- Providing at least two tower sectors according to the
invention.

Thus, the tower sectors are preferably transported such
that the inner side of at least two tower sectors (to be
assembled with another) is facing upwards, since then
an optimal positioning of the tower sectors is very easy.

- Providing atleast four mounting structures according
to the invention.

- Providing at least two guiding members designed to
guide the mounting structures.

It is clear that the guiding members have to be arranged
on both sides of the tower sectors to guide the mounting
structures on both sides. It is preferred that the guiding
members are guiding rails or guiding grooves to provide
a secure movement of the mounting structures. This is
also valid for the above described construction system.

- Arranging the mounting structures on the guiding
members such that two tower sectors can be ar-
ranged parallel and side by side with their trunnions
in the bearings of the mounting structures, wherein
any two mounting structures are arranged laterally
transversed in a line, i.e. with their second bearings
turned towards each other or with their first bearings
turned towards each other.

- Arranging two of the tower sectors with their trun-
nions in the bearings of the mounting structures.

This can happen by lifting the tower sectors, preferably
held horizontally, and lowering them such that the trun-
nions are introduced into the bearings. Due to the special
shape of the mounting structures, while introducing trun-
nions of a tower sector into the first bearings (upper bear-
ings) and further lowering the tower sector, the tower
sector is tilted so that two oppositely introduced tower
sectors together form an arc of a cylinder. The final po-
sition of the tower sectors should be such that the edge
radii of the tower sectors (this would also be the edge-
plane of the edge flanges) facing each other are both
vertical. This means that the tangent lines of the respec-
tive edges of the tower sectors are oriented horizontally.

- Adjusting the distance between the tower sectors
until the sides of the tower sectors facing each other
(their edge flanges at these edges) meet.

Now the mounting structures are shifted towards each
otheruntil the edges tower sectors (especially their facing
edge flanges) touch each other.

- Connecting the tower sectors, preferably by con-
necting the corresponding edge flanges.
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Now it is very easy to connect the tower sectors either
by welding, or particularly preferably by connecting their
edge flanges by screwing, bolting or riveting.

[0026] The method is preferably performed by using a
mounting system and/or a construction system according
to the invention.

[0027] A wind turbine tower according to the invention
is built by using a mounting structure according to the
invention and/or by a method according to the invention.
Since the mounting structure is only connected to the
face flanges of the tower, there are no marks on the tower
skin by conventional supporting means.

[0028] Particularly advantageous embodiments and
features of the invention are given by the dependent
claims, as revealed in the following description. Features
of different claim categories may be combined as appro-
priate to give further embodiments not described herein.
[0029] Accordingtoapreferred mounting structure, the
support frame is essentially L-shaped with a horizontal
base part with the second bearing and a girder part that
is especially arranged essentially perpendicular to the
base area. Itis preferred that the girder part has a forked
end area so that a trunnion can be introduced in the first
bearing from the end opposite to the base part (the top
end).

[0030] Accordingtoapreferred mounting structure, the
position of the first bearing is variable and can be releas-
able fixed. This means that before introducing a trunnion
of a tower sector into the bearing, its height (e.g. in the
girder) can be predefined. This feature does not refer to
an adjustment when a trunnion is mounted in the bearing
(for this, see following embodiments). This variable re-
leasable fixing of the first bearing has the advantage that
the mounting structure is usable for different sorts of tow-
er sectors, e.g. quadrants of 90° and thirds of 120°. It is
preferred that the support frame, especially its girder,
comprises holes in different heights and a bolt matching
in these holes and wherein the bearing is designed to be
mounted with the bolt in different holes.

[0031] A preferred mounting structure comprises
hight-adjusting means for the firstand/or second bearing,
preferably a threaded adjuster, a lifting platform a hy-
draulic adjuster or a pneumatic adjuster. These hight-
adjusting means are adapted to adjust the position of a
bearing when a trunnion is mounted in the bearing (see
above). Since tower sectors have a serious weight, the
hight-adjusting means should be adapted to lift this
weight, at least half of this weight. It is preferred that the
first bearing comprises a threaded or hydraulic adjuster
and/or that the second bearing comprises a lifting plat-
form.

[0032] A preferred mounting structure, comprises a
base plate at the base area. The base plate is preferably
broader than the support frame and arranged such that
it has an overhang over at least the sides of the support
frame and preferably also the end with the first bearing.
This has the advantage that the danger of tilting of the
mounting structure is reduced or prevented. Itis preferred
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that the base plate has a flush fit with the support frame
at the end with the second bearing. This has the advan-
tage that two mounting structures can be moved very
near each other to bring edge flanges of tower sectors
into contact with each other.

[0033] Accordingtoapreferred mountingstructure, the
first and the second bearing are positioned such that the
vertical distance of the bearings divided by their horizon-
tal distance is bigger than 0.4, especially bigger than 0.6,
and preferably smaller than 2.5, especially smaller than
1.5. Regarding a circular flange with the radius R with
trunnions arranged in a certain central angle A (smaller
than the angle covered by the tower segment), the ratio
of the vertical:horizontal distance should be (1-cosA)/si-
nA.

[0034] The height HI of the first bearing and the height
H2 of the second bearing over the base area should be
such that a tower sector is held so high above a ground
that it does not touch it. With this design, the mounting
structure can also be used as transport security element.
To achieve that, with a predefined radius R of a tower,
the height HI of the first bearing should be bigger than
0.3 R (especially for a tower segment with an opening
angle of 90°) or bigger than 0.5 R (especially for a tower
segment with an opening angle of 120°), but preferably
smaller than 1.2 R, especially smaller than R (independ-
ent of the opening angle).

[0035] According to a preferred method, the bearings
are adjusted after the trunnions of the tower sectors are
mounted by the bearings until the radii of the edges of
the tower sector facing each other are parallel and the
edges have a flush fit. If the edges have flanges, it is
preferred that all flanges (the face flanges and the edge
flanges have a flush fit, wherein the holes in opposite
edge flanges should fit each other, so that the edge flang-
es can be connected by bolts, screws or rivets.

[0036] The tower sectors can prefersably be mounted
with their trunnions in special transport security units for
transport. The transport security units can be stands with
a number of bearings for the trunnions on one side of a
number of tower sectors. Alternatively, the transport se-
curity units can have a base unit with bearings for the
trunnions on one side of one tower sector, and stacking
units with bearings to hold further trunnions, wherein the
stacking units are designed to be stacked on the base
unit.

[0037] Thus, according to a preferred method, a tower
sector is moved to a construction site by using transport
supporting systems (e.g. the above described transport
security units) with bearings for the trunnions, especially
wherein tower sectors are stacked by stacking the trans-
port supporting systems. Thus, tower sectors already
provided with trunnions can be delivered to the construc-
tion site. Itis preferred to deliver tower sectors facing with
their inner side upwards and tower sectors facing with
their inner side downwards. This has the advantage that
the tower sectors do not have to be turned for assembly.
For example, if the tower is assembled with three 120°
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tower sectors, each two tower sectors should face up-
wards and one should face downwards (to be put upon
the other two after assembly), if the tower is assembled
with four 90° tower sectors, half of them should face up-
wards and the other half downwards.

[0038] According to a preferred method, the trunnions
of a tower sector are introduced into the bearings of a
mounting structure by the following steps:

- lifting the tower sector by lifting means, e.g. by a
crane, in a horizontal position, especially with the
trunnions essentially positioned horizontally,

- lowering the tower sector and introducing one trun-
nion in a first bearing of a mounting structure at each
face of the tower sector,

- further lowering the tower sector until the other trun-
nions of the tower sector are introduced in a second
bearing of the mounting structures at each side of
the tower sector,

- Optional: releasing the lifting means from the tower
sector.

[0039] Preferably, the length of the support frame is
bigger than 1 m, especially bigger than 1.5 m, but pref-
erably shorter than 10 m, especially shorter than 6 m.
The same dimension ranges are also preferred for the
height. Preferably, the breadth of the supporting member
is bigger than 5 cm, especially bigger than 10 cm, but
preferably smaller than 1 m, especially smaller than 0.5
m.

[0040] Otherobjects and features of the presentinven-
tion will become apparent from the following detailed de-
scriptions considered in conjunction with the accompa-
nying drawings. Itis to be understood, however, that the
drawings are designed solely for the purposes of illustra-
tion and not as a definition of the limits of the invention.
All figures are perspective and/or schemaitic.

Figure 1 depicts a wind turbine built with a tower in
accordance with the present invention,

Figure 2 shows a face flange 2b of a tower sector 2a
according to the invention,

Figure 3 shows stacked tower sectors ready for
transport,

Figure 4 shows a tower sector with hangers,
Figures 5, 6 and 7 show the introduction of a tower
sector into a mounting structure according to the in-

vention,

Figure 8 shows figure 7 from another angle of view,
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Figure 9 shows the forming of a tower-part using a
construction system according to the invention with
mounting systems according to the invention,

Figure 10 shows the assembly of a tower using a
construction system according to the invention,

Figure 11 shows height-adjusting means in form of
a threaded adjuster,

Figure 12 shows height-adjusting means in form of
a lifting platform,

Figure 13 shows a schematic block diagram of the
process flow of a preferred method according to the
invention.

[0041] In the diagrams, like numbers refer to like ob-
jects through-out. Objects in the diagrams are not nec-
essarily drawn to scale.

[0042] Figure 1 depicts a wind turbine 1 in accordance
with embodiments of the present invention. The wind tur-
bine 1 includes one or more rotor blades 1a on a rotor
1a that connect to a hub 1c of the wind turbine 1. The
hub 1c is connected to a nacelle 1b that is atop a wind
turbine tower 2 built from essentially identical tower sec-
tors 2a.

[0043] Figure 2 shows a face flange 2b of a tower sec-
tor 2a according to the invention. The tower sectors 2a
comprise at least two trunnions 7 as shown in figure 1,
releasable connected to each face flange 2b by bolting
or screwing. Since the trunnions should be adjustable in
their position, they comprise slotted holes 7a for their
connection with the face flange 2b. Additionally, each
trunnion 7 has an end plate 7b overhanging the other
parts of the trunnion 7, preventing it from slipping out of
a bearing.

[0044] Figure 3 shows stacked tower sectors 2a ready
for transport or transported on the loading platform of a
truck. The tower sectors 2a can be mounted with their
trunnions 7 in transport security units 6. The transport
security units 6 can be stands with a number of bearings
for the trunnions 7 on one side of a number of tower
sectors 2a, however, they can have a base unit with bear-
ings for the trunnions 7 on one side of one tower sector
2a and stacking units with bearings to hold trunnions 7
that are designed to be stacked on the base unit.
[0045] Figure 4 shows a tower sector 2a held by a
crane (not shown, only the hangers at the sides of the
tower sector 2a), ready to be lifted and introduced in a
mounting structure 3 according to the invention (see fol-
lowing figures). As can be seen, the center of gravity C
lies between the trunnions 7 and the tower sector 2a is
moved in a horizontal orientation. Shown is the preferred
orientation for lower tower sectors 2a assembled to form
a lying tower. The upper tower sectors 2a that should be
put on already assembled tower sectors 2a like a roof
should be lifted with their inner side facing down (i.e. up-
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side down to the position shown in this figure).

[0046] Figures 5, 6 and 7 shows the introduction of a
tower sector 2a into a mounting structure 3 according to
the invention. The mounting structure 3 comprises a sup-
port frame 3c that is essentially L-shaped with a horizon-
tal base part 3d with the second bearing 3b and a girder
part 3e that is especially arranged essentially perpendic-
ular to the base area 3f. The girder part 3e has a forked
end area so that a trunnion 7 can be introduced into the
first bearing 2a from the upper end. The base area 3f is
realized here as a base plate 3f that is broader than the
support frame 3c and arranged such that it has an over-
hang over the sides of the support frame 3c and also the
end with the first bearing 3a. This has the advantage that
the danger of tilting of the mounting structure 3 is reduced
or prevented. The base plate 3f furthermore has a flush
fit with the support frame at the end with the second bear-
ing 3b. This has the advantage that the two mounting
structures 3 shown can be moved very near to each other
to bring edge flanges of tower sectors 2a into contact
with another.

[0047] The tower sector 2a lifted by a crane as shown
in figure 4 is introduced in the mounting structure 3 with
trunnions 7 of both face flanges 2b. The tower sector 2a
is positioned with one trunnion 7 over the first bearing
3a, wherein the mounting structures should be arranged
such on both sides of the tower sector 2a that the trun-
nions 7 can be introduced into the first bearing 3a simul-
taneously (figure 5). While lowering the tower sector 2a
(see solid arrow in figure 5), the respective trunnions 7
will be held by the first bearings 3a and the tower sector
2a will tilt when further lowered since the respective trun-
nions 7 remain in the first bearings 3a (see the bent arrow
infigure 6). When the other trunnions 7 of the tower sector
2atouch the second bearings 3b (see figure 7), the hang-
ers can be removed and the tower sector 2a should now
be accurately positioned for connection with another tow-
er sector 23, i.e. the planes of the edge flanges 2c (or
the radius of the edge) should now be vertical.

[0048] Shown is a 120°-tower sector (the opening an-
gle of the arc is 120°). However, other tower sectors 2a,
e.g. 90°-tower sectors, can be mounted in the mounting
structure 3, also.

[0049] Figure 8 shows a view of figure 7 with an angle
of view a bit more from the side. Holes 3g can be seen
atthe part of the structure holding the first bearing. These
holes are used for varying the height of the first bearing
3a before introducing a trunnion 7. The first bearing can
e.g. be held by bolts 3h (not shown here, but in figure 8)
introduced through these holes 3g, wherein e.g. two bolts
through two adjacent holes 3g can be used to firmly fix
the first bearing 3a.

[0050] Figure 9 shows a construction system 10 ac-
cording to the invention with two mounting systems 4
according to the invention (one mounting system 4 is
partly covered by the tower segments 2a). This mounting
system 4 comprises two mounting structures 3 as seen
e.g. in figure 5, wherein the mounting structures 3 are
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positioned laterally reversed to each other so that the
tilted tower sectors 2a are mirrored to each other. In this
example, the second bearings 3b are facing each other.
As can be seen, the lower edge flanges 2c are each po-
sitioned vertically and fit perfect to be connected with
another.

[0051] The mounting structures 3 are positioned on a
guiding member 8, here a rail, wherein the mounting
structures 3 are connected by adjusting means 9, here
e.g. a tractel, designed to move the mounting structures
3 relatively to each other on the guiding member 8. With
this adjusting means 9, the distance between the mount-
ing structures 3 can be adjusted (see arrows at the side)
and the edge flanges 2c can be brought into contact with
another.

[0052] Figure 10 shows a variant of the construction
system 10 of figure 7. This mounting system 4 also com-
prises two mounting structures 3 that are here also po-
sitioned laterally reversed to each other so that the tilted
tower sectors 2a are mirrored to each other. However,
since the tower sectors 2a are now facing with their inner
sides down, the mounting sectors are here arranged that
the first bearings 3a are facing each other. This setup is
especially advantageous to arrange two 90°-tower sec-
tors facing down to form a "roof" to be set upon two other
90°-tower sectors facing up already assembled. The set-
up can be built from the mounting system 4 shown in
figure 7 just by re-arranging the mounting structures. As
can be seen, the lower edge flanges 2c are each posi-
tioned vertically and fit perfect to be connected with an-
other.

[0053] The mounting structures 3 are positioned on a
guiding member 8, here a rail, wherein the mounting
structures 3 are connected by adjusting means 9, here
e.g. a tractel, designed to move the mounting structures
3 relatively to each other on the guiding member 8. With
this adjusting means 9, the distance between the mount-
ing structures 3 can be adjusted (see arrows at the side)
and the edge flanges 2c can be brought into contact with
another.

[0054] Since it could be possible to adjust the height
and/or orientation of the tower sectors 2a for an easy
assembly, the mounting system 4 shown here could com-
prise height-adjusting means 5 for the first and the sec-
ond bearing (see e.g. figures 11 and 12 at positions in-
dicated with roman numbers in figure 10). The first bear-
ing comprises a threaded adjuster 5a (that could also be
a hydraulic adjuster as shown in figure 11) and the sec-
ond bearing comprising a lifting platform 5b as shown in
figure 12. These height-adjusting means 5 could also be
part of the system shown in figure 7.

[0055] Although the method of construction of a tower
can be derived from the preceding figures, it is now de-
scribed in summary. Figure 13 shows a block diagram
of the process flow of a preferred method for connecting
tower sectors 2a with predefined face flanges 2b covering
the curved faces of the surface shell of the tower sectors
2a according to the invention.
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[0056] In step |, at least two tower sectors 2a (prefer-
ably three or four tower sectors 2a forming a cylinder)
are provided, by transporting them to the construction
site. They can be transported as shown in figure 3 and
lifted by a crane as shown in figure 4. The tower sectors
2a comprise at least two trunnions 7 connected to each
face flange 2b as shown in figures 2 to 4.

[0057] In step I, at least two mounting structures 3
according to the invention (shown e.g. in figure 8) are
provided. They can be transported or assembled on the
construction site and be used for the assembly of several
towers (or tower segments).

[0058] In step lll, at least two guiding members 8 de-
signed to guide the mounting structures 3 are provided
as shown in figure 9 or 10. The guiding members should
be already present at construction site and provided with
mounting structures 3 when the tower sectors 2a are de-
livered to the construction site. Thus, mounting structures
3 are arranged such on the guiding members 8 in a line
with their second bearings turned toward each other (see
figure 9) or with their first bearings turned toward each
other (see figure 10). It results in a mirrored setup of the
mounting structures 3 as can be seen in figures 9 and
10 with the assumption, that the tower sectors 2a are to
this point not arranged in the mounting structures 3.
[0059] Such setup should be present at both ends of
an assembly site of a tower so that tower sectors 2a can
be arranged with their trunnions 7 of both face flanges
2b in the respective mounting structures 3.

[0060] In step IV, a tower sector 2a lifted by a crane
as shown in figure 4 is introduced in mounting structures
3 with the trunnions 7 of both face flanges 2b as shown
in figures 5, 6 and 7. While lowering the tower sector 2a,
trunnions 7 will be held by the first bearing 3a and the
tower sector 2a will tilt when further lowered since the
respective trunnions 7 remain in the first bearings 3a (see
the process shown in figures 5 to 7). When the other
trunnions 7 of the tower sector 2a touch the second bear-
ings 3b, the hangers can be removed and the tower sec-
tor 2a should now be oriented ready for connection with
another tower sector 2a, i.e. the planes of the edge flang-
es 2c¢ should now be vertical.

[0061] Besides, this step also explains the advantage
of the adjusting means 9 shown in figures 9 and 10: since
when introducing a further tower sector 2a on the other
side beneath an already positioned tower sector 2a the
adjoining edge flanges may interfere with each other due
to the tilting motion, the distance of the tower sections
should first wider than after the introduction process.
Thus, the tower sectors 2a have to be shifted to each
other in order to connect them.

[0062] InstepV thisis done: the distance between the
tower sectors 2a is adjusted until the sides of the tower
sectors 2a (here the edge flanges 2c) facing each other
meet, as shown in figure 9.

[0063] In step VI, the tower sectors are connected as
shown e.g. in figures 9 and 10.

[0064] By the way, the edge flanges 2c meeting do not
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necessarily have to be the lower edge flanges 2c. Figure
8 shows a setup, where the upper edge flanges 2c meet
for assembly. So, regarding tower sectors with an open-
ing angle of 90°, first two tower sectors 2a with their inner
sides facing up may be assembled like shown in figure
7, then two tower sectors 2a with their inner sides facing
down may be assembled like shown in figure 10 (to form
a "roof") and last the roof can be lifted and set on the
bottom construction to be assembled to form a whole
circular tower 2.

[0065] Although the present invention has been dis-
closed in the form of preferred embodiments and varia-
tions thereon, it will be understood that numerous addi-
tional modifications and variations could be made thereto
without departing from the scope of the invention. For
the sake of clarity, it is to be understood that the use of
"a" or "an" throughout this application does not exclude
aplurality, and "comprising" does not exclude other steps
or elements. The mention of a "member", "means" or a
"system" or similar does not preclude the use of more
than one respective component.

Claims

1. A mounting structure (3) for supporting a tower sec-
tor (2a) with face flanges (2b) covering the curved
faces of the surface shell of the tower sector (2a)
with a predefined radius R, and two trunnions (7)
releasable fastened at a face flange (2b) so that the
center of mass of the tower sector (2a) is between
the trunnions (7), the mounting structure (3) com-
prising a support frame (3c) designed to be mounted
on a surface with a base area (3f) on its bottom side,
the support frame (3c) comprising a first bearing (3a)
and a second bearing (3b), each bearing (3a, 3b)
adapted for supporting a trunnion (7), wherein the
relative arrangement of the bearings (3a, 3b) on the
support frame (3c) is such that the first bearing (3a)
is positioned higher than the second bearing (3b),
and that the bearings (3a, 3b) lie on the arc of a
circular sector with the radius R, a central angle
<100°, a vertically oriented edge-radius outside the
second bearing (3b) and a center of mass between
the bearings (3a, 3b).

2. The mounting structure (3) according to claim 1,
wherein the support frame (3c) is essentially L-
shaped with a horizontal base part (3d) with the sec-
ond bearing (3b) and a girder part (3e) that is espe-
cially arranged essentially perpendicular to the base
area (3f),
preferably wherein the girder part (3e) has a forked
end area so that a trunnion (7) can be introduced in
the first bearing (3a) from the end opposite to the
base part (3d).

3. The mounting structure (3) according to any of the
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preceding claims, wherein the position of the first
bearing (3a) is variable and can be releasable fixed,
preferably wherein the support frame (3c) comprises
holes (3g) in different heights and a bolt (3h) match-
ing in these holes (3g) and wherein the first bearing
(3a) is designed to be mounted with the bolt (3h) in
different holes (3g).

The mounting structure (3) according to any of the
preceding claims, comprising height-adjusting
means (5) for the first and/or second bearing (3b),
preferably a threaded adjuster (5a), a lifting platform
(5b) a hydraulic adjuster or a pneumatic adjuster,
preferably wherein the first bearing (3a) comprises
a threaded adjuster (5a) or hydraulic adjuster and/or
the second bearing (3b) comprising a lifting platform
(5b).

The mounting structure (3) according to any of the
preceding claims, comprising a base plate (3f) at the
base area (3f), the base plate (3f) preferably broader
than the support frame (3c) and arranged such that
it has an overhang over at least the sides of the sup-
port frame (3c) and preferably also the end with the
first bearing (3a), preferably wherein the base plate
(3f) has a flush fit with the support frame (3c) at the
end with the second bearing (3b).

The mounting structure (3) according to any of the
preceding claims, wherein the first and the second
bearing (3b) are positioned such that the vertical dis-
tance of the bearings (3a, 3b) divided by their hori-
zontal distance is bigger than 0.4, especially bigger
than 0.6, and preferably smaller than 2.5, especially
smaller than 1.5.

A mounting system (4) comprising at least two
mounting structures (3) according to any of the pre-
ceding claims, the mounting structures (3) posi-
tioned laterally reversed in a line on a guiding mem-
ber (8) and connected by adjusting means (9) de-
signed to move the mounting structures (3) relatively
to each other on the guiding member (8) such that
the distance between the mounting structures (3)
can be laterally adjusted.

A tower sector (2a) adapted for a mounting structure
(3) according to any of claims 1 to 6, the tower sector
(2a) comprising a curved surface shell and face
flanges (2b) covering both faces of the curved faces
of the surface shell and at least two trunnions (7)
releasable fastened at a face flange (2b) so that the
center of mass of the tower sector (2a) lies between
the trunnions (7) of the face flange (2b).

The tower sector (2a) according to claim 8, wherein
a trunnion (7) has an end plate (7b) overhanging the
other parts of the trunnion (7), preventing it from slip-



10.

1.

12.

13.

14.

15 EP 3 967 872 A1 16

ping out of a bearing (3a, 3b).

The tower sector (2a) according to claim 8 or 9,
wherein a trunnion (7) is designed to be adjustably
fixed on aface flange (2b), the trunnion (7) especially
comprising slotted holes (7a).

A construction system (10) comprising at least two
tower sectors (2a) according to any of claims 8 to
10, and at least two mounting systems (4) according
to claim 7, with a mounting system (4) arranged on
each face of the tower sectors (2a), wherein the trun-
nions (7) of the tower sectors (2a) are mounted in
the bearings (3a, 3b) of the mounting structures (3)
of the mounting systems (4).

A method of connecting tower sectors (2a), the meth-
od comprising:

- providing at least two tower sectors (2a) ac-
cording to any of claims 8 o 10,

- providing at least four mounting structures (3)
according to any of claims 1 to 6,

- providing at least two guiding members (8) de-
signed to guide the mounting structures (3),

- arranging the mounting structures (3) on the
guiding members (8) such that two tower sectors
(2a) can be arranged parallel and side by side
with their trunnions (7) in the bearings (3a, 3b)
of the mounting structures (3), wherein any two
mounting structures (3) are arranged laterally
transversed in a line,

- arranging two of the tower sectors (2a) with
their trunnions (7) in the bearings (3a, 3b) of the
mounting structures (3),

- adjusting the distance between the tower sec-
tors (2a) until the sides of the tower sectors (2a)
facing each other meet,

- connecting the tower sectors (2a),

the method preferably performed by using a mount-
ing system (4) according to claim 7 and/or a con-
struction system (10) according to claim 11.

The method according to claim 12, wherein the bear-
ings (3a, 3b) are adjusted after the trunnions (7) of
the tower sectors (2a) are mounted by the bearings
(3a, 3b) until the radii of the edges of the tower sector
(2a) facing each other are parallel and the edges
have a flush fit.

The method according to claim 12 or 13, wherein a
tower sector (2a) is moved to a construction site by
using transport supporting systems (6) with bearings
for the trunnions (7), especially wherein tower sec-
tors (2a) are stacked by stacking the transport sup-
porting systems (6).
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15. The method according to one of claims 12 to 14,

wherein the trunnions (7) of a tower sector (2a) are
introduced into the bearings (3a, 3b) of a mounting
structure (3) by the steps:

- lifting the tower sector (2a) by lifting means in
a horizontal position, especially with the trun-
nions (7) essentially positioned horizontally,

- lowering the tower sector (2a) and introducing
one trunnion (7) in afirst bearing (3a) of amount-
ing structure (3) at each face of the tower sector
(2a),

- further lowering the tower sector (2a) until other
trunnions (7) are introduced in a second bearing
(3b) of the mounting structures (3) at each side
of the tower sector (2a),

- optionally: releasing the lifting means from the
tower sector (2a).
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